Four-dimensional differential transform method has been introduced and fundamental theorems have been defined for the first time. Moreover, as an application of four-dimensional differential transform, exact solutions of nonlinear system of partial differential equations have been investigated. The results of the present method are compared very well with analytical solution of the system. Differential transform method can easily be applied to linear or nonlinear problems and reduces the size of computational work. With this method, exact solutions may be obtained without any need of cumbersome work, and it is a useful tool for analytical and numerical solutions.
Introduction
In this paper, we study system of nonlinear partial differential equations PDEs . In order to solve systems of differential equations, the commonly used methods are the method of characteristics and the Riemann invariants among other methods. The existing techniques have difficulties in related to the size of computational work, especially when the system has several PDEs. More recently, Adomian decomposition method, were used to handle systems of PDEs by 1 , and here we present an alternative method for the system. The concept of differential transform was first introduced by Zhou 2 , who solved linear and nonlinear initial value problems in electric circuit analysis. The transformation method, called threedimensional differential transform, is different from the high-order Taylor series method, which consists of computing the coefficients of the Taylor series of the solution using the initial data and the PDE. But the Taylor series method requires more computational work for large orders. The present method is well addressed in 3-7 . The differential transform technique is an iterative procedure for obtaining Taylor series solutions of differential equations and systems of PDEs. This method reduces the size of computational domain and is applicable to many problems easily. In the present work, in order to extend applications of the differential transform method to different problems, four-dimensional differential transform have been defined and new theorems have been prooved. In this paper, Differential Transformation Method DTM is employed to obtain the solution of the 3 
Basic Idea of the Differential Equation

One-Dimensional Differential Transform Method
We introduce in this section the basic definition of the one-dimensional differential transformation.
Definition 2.1. If u t is analytic in the domain T , then it will be differentiated continuously with respect to time t:
for t t i , where φ t, k φ t i , k , and k and k belong to the set of nonnegative integer denoted as the K domain. Therefore, 1.2 can be written as
where U i k is called spectrum of u t at t t i , in the K domain. where k 0, 1, 2, . . . , ∞, then the function u t can be described as
where M k / 0, q t / 0. The function M k is called the weighting factor and q t is regarded as kernel corresponding to u t . If M k 1 and q t 1, then 1.3 and 2.2 are equivalent. In this way, 2.1 can be treated as a special case of 2.3 . In this paper, the transformation with M k 1/k! and q t 1 is applied.
Then 2.4 becomes
, where k 0, 1, 2, . . . , ∞.
2.6
Using the differential transform, a differential equation in the domain of interest can be transformed to be an algebraic equation in the K domain and u t can be obtained by finiteterm Taylor series plus a remainder, as
In order to speed up the convergent rate and the accuracy of calculation, the entire domain of t needs to be split into subdomains.
Two-Dimensional Differential Transform Method
Definition 2.3. Given an w function which has two components such as x, t to w-dimensional differential transform of w x, t is defined
where W x, y the original is function and W k, h is the transformed function. Again, the transformation can be called T -function, and the lower case and upper case letters represent the original and transformed functions, respectively Table 1 . Original function Transformed function
Definition 2.4. The differential inverse transform of W k, h is defined as
and from 2.8 and 2.9 can be concluded as follows:
Three-Dimensional Differential Transform
Definition 2.5. Given an w function which has three components such as x, y, t. Threedimensional differential transform of w x, y, t is defined as
where w x, y, t is the original function and W k, h, m is the transformed function. Again, the transformation can be called T -function, and the lower case and upper case letters represent the original and transformed functions, respectively Table 2 .
and from 2.11 and 2.12 can be concluded as 
Original function
Transformed function 
2.17
Proof. 
2.18
In general, we have 
U r, s, p, n − q − a V t, i, j, q
× W k − r − t, h − s − i, m − p − j, a .
2.19
Analysis of Method
To investigate the solution of 1.3 , we first construct a system by differential transformation method as follows: 
3.1
Subject to Taylor's expand of initial condition
3.2
Substituting 3.2 into 3.1 and using operation of Table 3 , we get
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3.3
In order to obtain the unknowns of U k, h, m, n and V k, h, m, n , k, h, m, n 0, 1, 2, . . ., we must construct and solve the above equation and substitute in 2.16 .
Application
In this section, the differential transformation technique is applied to solve 1. 
4.1
Conclusion
Four-dimensional differential transform has been applied to nonlinear system of PDEs. Analytic solution and transform solution are compared; the results are quite compatible for small values of t. The present method reduces the computational difficulties of the other methods, and all the calculations can be made by simple manipulations. On the other hand, the results are quite reliable. Therefore, this method can be applied to many complicated linear and nonlinear PDEs and system of PDEs and does not require linearization, discretization, or perturbation.
